The abnormal fatty acid pattern was specifically and generally similar to that found in essential fatty acid (EFA) deficient animals and children as shown by the increase of the specific trienoic acid (C.20 (Lewis, 1958) , or aorto-iliac/femoro-popliteal atherosclerosis (Schrade, Boehle and Biegler, 1960; Kingsbury et al., 1962b) . It also occurred in the depot fats of similar patients (Kingsbury et al., 1962b; Antonini et al., 1969) . Since the depot fat composition varied little with the site sampled (Kingsbury et al., 1961 ' Heffernan, 1963 , it appeared that these patients had a widespread reduction oflinoleic acid in their body fats. It was not known if this abnormality was related to the arterial disease, or was simply an associated but unimportant phenomena. The eventual classification of the arterial lesions in terms of their mural irregularities, occlusions and stenoses (Kingsbury, 1969) , revealed that the plasma cholesteryl linoleic acid concentrations but not the plasma cholesterol or blood sugar levels were related to the number of arterial occlusions shown by arteriograms or pulses (Kingsbury et al., 1969a) . This appeared important to the patient since those with the low linoleic acid concentrations then showed a marked rise in the subsequent incidence of myocardial infarction at all disease levels (Kingsbury et al., 1969b) . In contrast, no separate relation was found between the plasma cholesterol or blood sugar levels and myocardial infarction when the extent of the arterial disease was taken into account (Kingsbury, 1969; Kingsbury et al.. 1969b) .
To investigate the abnormal fatty acid composition in more detail three studies (Lewis, 1958; Kingsbury et al., 1962b; Kingsbury et al., 1969a) had reported an increase of trienoic fatty acids (fatty acids with three unsaturated bonds) together with the reduction of the dienoic-linoleic acid. This combination also occurred in animals and children deficient of essential fatty acids (Wiese, Hansen and Adam, 1958; Holman, 1968) ; in which case the increased trienoic acid was a specific isomer synthesized from oleic acid (Fulco and Mead. 1959) . It appeared crucial to see which trienoic acid was responsible for the particular increase in the patients. Eighty* male patients presenting with claudication from aorto-iliac/femoro-popliteal atherosclerosis, who had not recently altered their diet, were not receiving drugs and had not had symptoms of heart disease were collected as previously described (Kingsbury, 1971 ). As shown in Table 1 their ages, plasma cholesterol, '2-hr' blood sugar concentrations (Kingsbury, 1968) , and the extent and type of their disease, were similar to those of previous series (Kingsbury, 1968; Kingsbury et al., 1969a) . The proportion of patients with extensive arterial irregularities (Kingsbury, 1971) (Henly, 1957) , between 300 and 580 miL, showed that no other sterol peaks were present. The concentration of cholesteryl ester in the final solution was determined from both the cholesterol and esterified fatty acid content.
The cholesteryl fatty acid composition was then estimated in three ways.
(1) Thick-layer chromatography The preparations of the previous day were run on thick silicic acid fluorescein layers, each divided longitudinally into halves, one half containing 5 % silver-nitrate. Equal aliquots from each patient's sample were run in each half simultaneously (2 % diethylether in petroleum ether 40-60°B P). This was repeated giving two plates per patient. The monoenoic and dienoic ester bands separated on the silver-nitrate, and the total cholesteryl ester band from the plain half of the plate, were scraped off under UV light, and the amount of esters they contained determined from their cholesterol content (Henly, 1957) .
This provided an estimate of fatty acid composition without using any form of fatty acid analysis. The results are expressed as % dienoic esters in cholesteryl ester fraction (standard deviation: [+1:22%) and ratio of monoenoic to dienoic ester amounts (standard deviation: ±0-018).
(2) Alkaline conjugation As summarized previously (Kingsbury et al., 1969a) , this provided the total of each polyunsaturated fatty acid class against which the amounts of the individual components, determined by gas-liquid chromatography (GLC), could be checked.
The samples were conjugated (Holman and Hayes, 1958) Fig. 1 .
The carbon numbers and percentage composition of all peaks, identified by their exact retention times and areas, were calculated by computer programme using the known C.14, 16 and 18 internal and the C. 11 and C.23 external markers to establish the logtime-mass curve for each sample (to be published). The fit of all retention times to the standard curve was good (index of determinations all greater than 0-996).
For every sample the emergence time of all peaks (as shown by the integrator and used and printed out by the computer) was written over each peak as it appeared on the trace. In this way, there could be no question of which area and percentage composition applied to which peak.
The coefficient of variation (CV) determined for all peaks from the differences between the replicate estimations varied with peak size. For fatty acids in concentrations over 5% the CV was less than 2%, from 1 % to 5 % concentration the CV was less than 7% and under 1% concentration, the CV of the majority was less than 10%. Other analytical methods Other parameters were estimated as follows: plasma cholesterol by modification of Henly's procedure (1957) (standard deviation: ± 5-31 mg/100 ml), blood sugar by glucose oxidase method (Huggett and Nixon, 1957) (± 2-86 mg/100 ml), platelet adhesiveness (Hirsh, McBride and Wright, 1966) (± 2-25%), fibrinogen concentration (Podmore, 1959) (± 16 mg/100 ml), fibrinolysis (Gallimore, 1967) ( 0-18 hr), platelet and red cell electrophoretic mobility (Bangham et al., 1958) (Findlay, 1954 The Practitioners' reports, their replies to an annual standard questionnaire on health, complications and treatments, the hospital records, laboratory investigations, arteriograms and ECGs were collated for all patients together with the death certificates and post mortem reports where appropriate.
Four prognostic groups emerged as in a previous study (Kingsbury et al., 1969a) . These were: (a) alive without symptoms of heart disease (forty); (b) angina of effort without myocardial infarction (eleven); (c) non-fatal acute myocardial infarction with or without angina of effort (fourteen) and (d) fatal infarcts, myocardial (twelve), cerebral (one), which as previously was the major cause of death in these patients (Kingsbury, 1966; Kingsbury et al., 1969a) .
The presence or absence of symptoms of heart disease was diagnosed clinically by their General Practitioners and/or the doctors of the hospitals they attended and checked with the patients, their relatives, Practitioners, the various hospitals, ECGs, death certificates and post mortem reports as necessary.
There were two 'non-vascular' deaths, one carcinoma of the lung and one from renal failure, the analyses on these two patients are not included in the results related to prognosis.
Angina of effort without myocardial infarction so far (eleven). Subsequent ECGs were available in all these patients, seven showed significant ST changes (Blackburn et al., 1960) , reported as ischaemia. One showed QRS changes reported as infarct. Three showed no ECG abnormality.
Non-fatal acute myocardial infarcts, with or without angina of effort (fourteen). ECGs were available in all. These showed significant QRS changes (Blackburn et al., 1960) The differences between these two groups were checked by comparing results common to the different methods (Table 2) . Table 2 shows that the values obtained by the different methods compared well (no significant differences), inter-correlations were high (correlation coefficients greater than 0-6, P< 001); and the differences between the two groups were consistent.
Since the total monoenoic and trienoic acids determined by gas-liquid chromatography were calculated from the sum of several component acids, it appeared that significant amounts were not being missed. The agreement between the results of the different methods showed that the allocation of samples into high and low trienoic acid groups was valid and could be accepted as the basis for the detailed analyses. The nature of the trienoic acid increases
The two C.18 and three C.20 trienoic acid peaks and their parent acids are illustrated on a GLC trace of a 'high' trienoic acid sample in Fig. 2 .
The percentage concentration of the individual trienoic acids determined by GLC in the low and high trienoic acid samples are shown in Fig. 3 . * Data available from K.J.K.
It was found that only one trienoic acid, the C.20: 3 09 isomer, increased consistently. In all but one of the high trienoic acid samples, the concentration of this isomer was more than the mean in the low trienoic acid samples plus twice their standard deviation. There was no increase in any other trienoic acid which could account for the difference in total trienoic acid concentrations between the two groups.
The increase of this C.20 : 3 9 isomer in comparison to the neighbouring C.20: 3 o6, or arachidonic acid was an immediately obvious feature in the GLC traces of the high trienoic acid samples, as shown in Fig. 4 .
It appears that the increase in trienoic acid was due to the particular isomer (C.20: 3 o9) synthesized in vivo from oleic acid (Fulco and Mead, 1959) , and not to any of the C.18 or C.20 trienoic acids (o3 or o6) in the linoleic or linolenic essential fatty acid pathways (Mead, 1968 Fig. 5 .
The increase of C.20: 3 o9 acid in the high trienoic samples were associated with a higher percentage of C.16 and C.18 monoenoic acids (palmitoleic and oleic) but with a marked reduction in the concentration of linoleic acid. This resulted in the oleic : linoleic ratio increasing from 0-46 to 0-71 (P<0-01) and explained the higher monoenoic to dienoic acid ratios found by plate chromatography (Table 2) . (Table 4) .
The changes in the concentrations of oleic and palmitoleic acids (C. 18 and C.16 monoenoic acids) correlated well (P<0-01). There was a marginally significant relationship between the concentration of oleic acid and its product C.20: 3co9 (P< 005).
A new and highly significant inverse relationship appeared, however, between the concentrations of oleic and linoleic acids ('r' -0-58, P< 0-001) (Fig. 6 ).
This was not simply the result of an increased percentage of monoenoic acids, in particular oleic, * There were no significant differences (P< 0-01) between these two groups of samples in any of the variates shown in (Fig. 7) . Finally, there was a clear inverse relationship between the total dienoic acid concentrations and the total mono-dienoic acid ratios determined by plate chromatography (Fig. 8) (correlation coefficient -0-6254, P< 0-001). The six-to ten-fold change in the mono-dienoic acid ratio shows that the monoenoic acids must have increased as the concentration of dienoic acid fell.
Relationship to prognosis
The mean plasma cholesteryl fatty acid concentrations of the four prognostic groups are shown in Table 5 .
Linoleic acid was the only fatty acid concentration which distinguished between the groups of patients with non-fatal or fatal infarcts, and those without symptoms of heart disease. As in a previous study (Kingsbury et al., 1969b) , the incidence of acute infarction rose sharply as the linoleic acid concentration decreased (X2 21-88 d.f.9, P< 0-01) (Fig. 9) than in the group without symptoms of heart disease. The overall proportion of patients in the different prognostic groups however did not change significantly with the concentration of oleic acid (X2 12-50 d.f.9 P >0-05). Neither palmitoleic and the trienoic acid C.20: 3Xo9, nor the saturated acid concentrations showed any significant differences between the prognostic groups.
The concentration of arachidonic acid, however (the product of linoleic acid- Fig. 2 ), was lower (more abnormal) in those with fatal infarcts, whereas it did not differ between the low and high trienoic acid The relationship between the non-fatty acid parameters analysed and the main fatty acid concentrations (Table 6) , and the values of the parameters for the prognostic groups (Table 7) (Table 6) .
Between the fatty acid concentrations and other parameters, however, only two relationships emerged: (a) an inverse relationship between linoleic acid and platelet adhesiveness ('r'= -03954, P< 0-01) and (b) an inverse correlation between total trienoic acid and the plasma fibrinogen concentration ('r'= -0-3904, P< 0-01).
None of the non-fatty acid parameters showed significant differences between the prognostic groups except that platelet adhesiveness was marginally higher (P < 0-05) in those with fatal infarcts than in the patients without symptoms of heart disease ( Table 7) . The blood glucose levels were higher in the patients with infarcts, but the differences between the prognostic groups were not statistically significant (P>0 05).
The inter-relationship between these non-fatty acid parameters will be discussed in more detail elsewhere; they are reported here to show that out of the parameters examined and the various fatty acids, the concentration of linoleic acid still exhibited a particularly clear relationship with the incidence of myocardial infarction. This did not seem explainable in terms of the other parameters, excepting possibly for a marginal relationship with platelet adhesiveness.
The marked inverse relationship between the oleic and linoleic acid concentrations indicated that their changes were in some way linked together.
Discussion
The analyses show that the high trienoic acid concentrations were caused by an increase in a single trienoic acid, the C.20: 3co9 known to be synthesized from oleic acid (18 : lc9) (Fulco and Mead, 1959) .
There was no consistent increase in the C.20 or C.18 trienoic acid intermediates of linoleic and linolenic acid metabolism (Fig. 2) .
The similarity in the characteristics of these patients with previous series (Kingsbury, 1966 (Kingsbury, , 1968 (Kingsbury, , 1971 Kingsbury et al., 1969a, b) suggests that these results would not be unusual for this type of patient. It is believed that the range of disease extent and type and biochemistry would have exposed different types of trienoic acid increases if they had existed. It appears therefore that the increased trienoic acid concentrations did not arise from a blocked step in either the linoleic or linolenic essential fatty acid pathways. Since the C.20 : 3o9 isomer has a high turnover rate (Mohrhauer and Holman, 1965) , its accumulation in these patients would seem to result (1959) showed that the C.20: 3 o9 was the specific trienoic acid which increased in animals deficient in essential fatty acids. Its appearance has been accepted as an early sign of EFA deficiency (Holman, 1960) and its concentration as an assay of an animal's 'EFA status' (Holman, 1968 (Holman, , 1970 . The increased ratio of C.20: 3co9 to arachidonic acid, an obvious feature of the high trienoic acid samples reported here, has also been used to estimate EFA deficiency (Holman, 1968 (Holman, , 1970 . The accumulation of C.20 : 39 therefore raises the question of whether an essential fatty acid deficiency could exist in these patients.
The cholesteryl ester fatty acids are derived from the p position of phospholipids (Glomset, 1962 ) by a generally non-specific transferase (Portman and Sugano, 1964) , so that changes in the composition of the cholesteryl esters reflect underlying changes in the phospholipids. One exception is that relatively little of an increased phospholipid C.20: 3 o9 (where the concentration is particularly high in EFA deficiency- Holman, 1968 ) is transferred to the cholesteryl ester (Sand and Schlenk, 1968) . Hence the abnormal cholesteryl ester pattern would seem likely to understate rather than over-emphasize the extent of the C.20: 3 o9 accumulation.
The main features of the abnormal fatty acid pattern in addition to the specific increase of C.20 : 3 w9 and decrease in linoleic acid, were raised amounts of oleic and palmitoleic acids. These changes and the increased ratio of arachidonic to linoleic acid (Mead, 1968) are also found in animals deficient ofessential fatty acids (Holman, 1968 (Holman, , 1970 .
The percentage of straight chain C.18 and C.16 saturated acids, stearic and palmitic, respectively, did not increase with their monoenoic forms (oleic and palmitoleic). This implies an increase of C.18 and C. 16 mono-unsaturase activity which again is a feature of EFA deficiency . The observed rise in oleic and palmitoleic acids is also consistent with the increased synthesis of fatty acids found in EFA deficient animals (Allmann, Hubbard and Gibson, 1965) .
Finally, although there does not appear to be any published work which explains the increase of C.20: 2 6, the slower initial elongation of linoleic acid (18: 2---20: 2o6 ) is favoured at the expense of the usually faster initial desaturation (18: 2-> 18: 3 6) in EFA deficient animals (Marcel, Chistiansen and Holman, 1968) . Whether this could result in an accumulation of C.20 : 2co6 remains to be determined.
Thus whereas the composition of the main fatty acids in the low trienoic acid samples was similar to that published for 'normal' subjects (Schrade et al., 1960; Smith, 1962; Goodman, 1965) , the high trienoic abnormal fatty acid pattern was specifically and generally consistent with an EFA deficiency.
It has seemed difficult to accept that the low linoleic concentrations result simply from an absolute deficiency of EFA when they existed in patients who were known to have varied and comprehensive diets.
Animal studies (reported by Holman, 1968 Holman, , 1970 , however, show that the concentration of linoleic acid in vivo is influenced by various factors, particularly the calorie intake. In many animal species (Holman, 1964 (Holman, , 1968 (Holman, , 1970 and children (Wiese et al., 1958) the calorie intake had to be less than 25 (Kingsbury et al., 1962a) .
In adult man, the calorie balance would also be modified by different physical (Passmore and Durnin, 1955; Astrand and Rodahl, 1970; Kingsbury, 1972) , and hormonal activities (for example, degrees of hyper-and hypo-thyroidism). Furthermore, as in animals the requirement for EFA could vary with the protein and carbohydrate intake (Inkpen, Harris and Quackenbush, 1969; Brenner, 1971) , androgen, insulin, and steroid levels (Lyman, 1968) , hypercholesterolaemia (Holman, 1968) and perhaps with 'stress' (Smith and Sodergren, 1966) , high calcium and low zinc (Holman, 1968) or low magnesium diets (Hill et al., 1957) . Hence In animals, many factors which increase the linoleic acid requirement also increase the formation of oleic from stearic, and palmitoleic from palmitic acid by stimulating A9 desaturase activity; for example, overfeeding (Gurr, 1973) , carbohydrate diets (Inkpen et al., 1969) , insulin (Brenner, 1971) but not proteins or saturated fats (Inkpen et al., 1969; Gomez Dumm, Alamiz and Brenner, 1970) . Low linoleic acid concentrations facilitate this since the inhibition by EFA of fatty acid synthesis (Allmann, Hubbard and Gibson, 1965) and A9 desaturase activity (Mead, 1968; Brenner, 1971) (Inkpen et al., 1969; Gomez Dumm et al., 1970; Holman, 1968 Holman, , 1970 Mead, 1961) . Similarly an increase of oleic acid in vivo (Dhopeshwarkar and Mead, 1961) , in tissues (Lowry and Tinsley, 1966) , or in sub-cellular fractions (Mead, 1968; Brenner, 1971) interfered with EFA metabolism by competing for the necessary desaturases. These were unaffected by the saturated acids (Brenner, 1971) . It appeared that the saturated fats had no anti-EFA effect other than a non-specific contribution to calories (Holman, 1964) . Thomasson et al. (1966) (Klein and Johnson, 1954; Tupule and Williams, 1955 ; Leven, Johnson and Albert, 1957; Fleischer et al., 1962; Johnson and Ito, 1965; De Pury and Collins, 1966; Green and Baum, 1969) . The monoenoic acids and their products, unlike the saturated acids, can additionally impede the metabolism of the remaining linoleic and linolenic acids (Mead, 1968; Holman, 1968) and displace them from the p position of the phospholipids (Leat, 1962) . It seems likely that these competitions could be more effective when the monoenoic acids are synthesized within the cells, than when they are fed by mouth in which case only a small proportion may reach the intracellular sites of desaturation and esterification. There is some evidence that the changed compositions would then affect at least coagulation and thrombosis since the dioleyl ester was the most coagulant phosphatidyl ethanolamine (Billimoria, Irani and Maclagen, 1965) and saturation of the phospholipid tissue factor reduced its coagulant activity (Nemerson, 1968) . In fact, Evans and Irvine (1966) reported a relationship between low linoleic acid concentrations, platelet adhesiveness and arterial graft thrombosis. It seems possible that these changes at least contributed to the association between the low linoleic acid concentration, aorto-iliac/femoro-popliteal occlusion and myocardial infarction reported previously (Kingsbury et al., 1969a, b (Mead, 1968) , the pronounced fall of linoleic concentration in some patients, and the accumulation of C.20 3Xo9 itself, suggests that at least an element of EFA inadequacy existed. It appears therefore that the abnormal fatty acid composition resulted from an increased monoenoic 'drive' (fatty acid synthesis and monounsaturase activity)-and perhaps the use of EFA-with which the intake of EFA had not kept pace.
In animals the balance between EFA and monoenoic 'pools' is influenced in the former by intake, oxidation, polyunsaturase activity and in the latter by intake, oxidation, fatty acid synthesis and monounsaturase activity, varied by calorie balance, other aspects of nutrition and metabolism (Holman, 1968; Inkpen et al., 1969; Gomez Dumm et al., 1970; Brenner, 1971; Gurr, 1973) . Since many of the factors which increase their monoenoic to linoleic acid ratio (e.g. excessive calories, high insulin levels, diabetes, hypocholesterolaemia, androgens and stress) are widely associated with human atherosclerosis (Leading Article, British Medical Journal, 1973) , the question arises of whether the EFA-fatty acid, particularly monoenoic, balance is one link between these factors and the pathology of the occlusive disease.
These interrelationships are tentatively outlined in Fig. 10 . They seem to provide a common basis for both fat and carbohydrate theories of atherosclerosis (McGandy, Hegsted and Stare, 1967 ) and may explain the low incidence of atherosclerosis in the saturated fat-eating Masai tribe, since their low calorie balance (Mann et al., 1972) would inhibit both fatty acid synthesis and monounsaturase activity (Brenner, 1971; Gurr, 1973) .
The interrelationships appear to open up the consideration of EFA function not simply in terms of intake but in relation to whole nutrition and metabolism. The relative contribution of the various factors to the low linoleic concentrations in the patients now needs to be determined.
